Introduction

4
Lean originated in the automotive sector and more specifically in the Toyota Motor 5 Corporation (Shingo 1989 ; Monden 1998), thus the core principles and practices of lean have 6 been explicitly designed for use in organisations engaged in high-volume, repetitive 7 manufacturing environments (Liker 2004 ). The lean approach has then been adapted and 8 adopted by a wide range of sectors, both in manufacturing and service, private and public and 9 high to low volume (Holweg 2007) . The hypothesis of this paper is that if lean is to be 10 successfully applied beyond this conventional organisational context, then its fundamental 11 principles will need to be reviewed and adapted to suit the specific needs of the host 12 organisation. 13 The literature review outlines the evolution of lean from its automotive origins to 14 wider sectors and in particular, service and public sector applications and presents a model of 15 how lean principles and use of tools interacts with the operations of the organisation. Using 
Literature review
22
The literature review outlines the evolution of lean from its automotive origins to 23 wider sectors and in particular, service and public sector applications. It highlights the need 24 to critically examine the relevance of the fundamental lean principles, to a service, public 25 sector environment. Lean ideas have been extensively applied beyond their origins in the to some extent (Radnor, 2010) . 30 From its origins in the automotive sector, the attractions of lean have been brought to 1 a far wider audience (Holweg, 2007) particularly since it has been codified into the five lean 2 principles (Womack and Jones, 1990 ). These five principles are enacted through a series of conventional lean environment has many facets but it is principally one of high stable 7 volumes and moderate variety (Shingo, 1989 and Monden 1998) and this forms the top part 8 of Figure 1 . This operational context allows managers to apply lean principles (Womack and 9 Jones 1996), to identify areas for improvement, and finally, having identified areas for 10 improvement, tools and techniques that result in improvement can be applied, thus 11 reinforcing the stability of the environment. (Murman 2002 ). 13 Through publications such as Womack and Jones (1996) , Shingo, (1989) and Monden
12
Figure 1: Lean thinking for conventional organisations (developed by the authors)
14
(1998), and extensive industrial application, lean ideas came to the attention of other sectors 15 and were widely adopted, including sectors such as aerospace (Murman 2002) , and 16 construction (DTI 1998). Wider adoption of lean has meant that many of the ideas have 17 become mainstream; however, this has also meant that the universality of lean has been 18 questioned by authors such as Cooney (2002) , Bartezzaghi (1999) and Hines, Holweg and 19 Rich (2004). For example, Cooney (2002) evaluates cases in which lean has only been 20 partially adopted and questions whether such approaches really are lean. Bartezzaghi 21 suggests that some companies have begun to "question the general validity of lean 22 production" (p230) and also "the definition lean production itself is vague and confused" 1 (p232). Whilst much speculation and conjecture exists around the validity of lean and its 9 transferability to service sectors, increasing evidence has emerged over the last twenty years, 10 demonstrating clear business improvements within service based organizations, as a result of 11 a lean thinking approach. For example, it has been argued that the ideas of lean production, as 12 defined in manufacturing, are also applicable within product development and order-taking evolved from its origins within automotive manufacturing through to public service.
20
However, the problem exists that although lean has been applied in a wide range of settings 21 the fundamental thinking on which lean ideas were originally based have not been updated 22 and adapted accordingly. This point was partially raised by Hines et al. (2004) who 23 acknowledge that lean has evolved on the basis of the five principles, but its application has 24 gone well beyond the use of a set of shop floor tools. This criticism was also raised by 25 Radnor, Holweg and Waring (2012) who questioned the underlying assumptions for using 26 lean in a healthcare context, and more generally its wider public sector application.
27
In parallel the application of private sector ideas to the public sector principally, with organisational structures, and managerial value. It is these types of differences that may need 1 to be taken into account when attempting to apply lean in public service organisations.
2
This study then addresses the need to re-evaluate lean by reviewing whether its 3 fundamental principles and standard tools and techniques are appropriate when applied in a 4 public service environment. More specifically, this study critically reviews the suitability of 5 lean when applied in a novel public sector context, namely, the maintenance of the Tornado 6 fighter aircraft, within the British Royal Air Force. Royce (RB199 engines).
6
The JIPT consisted of a number of multi-disciplinary teams (MDT's) such as avionics 7 and engines, as well as infrastructural elements such as finance, commercial, etc. The Against this backdrop, the maintenance of Tornados by the JIPT and its partners was 13 considered to be an appropriate focus for this case study, for the following reasons: 
Research Strategy and Methods
24
The purpose of this paper is to explore the implementation of lean within the public 25 sector and specifically within the context of the Tornado JIPT, looking particularly at RIA's, also known as Kaizen events, often form the more 'hands-on' activities within 8 lean implementation and these were conducted at an operational base for Tornado. The review of the RIA's was chosen for this paper because most of the lean principles 10 and many of the tools common in lean implementation were encompassed within the RIA's.
11
The review of operational level RIA's was commissioned by the Tornado management team 12 because they wanted to understand the effectiveness of different approaches to RIA to 13 develop their own 'one best way', to conduct future improvement activities. Ultimately, the observations. Each visit was conducted over a day and then the findings validated by a 1 follow-up meeting whereby the change agent could comment and correct any inaccuracies.
2
Each of these reviews produced an agreed report and quotes in the results section of this 3 paper are taken from these reports, thus the reports are the principle source of the research for 4 this paper.
5
Research Method for Performance Measures Activities
6
The performance measurement activities were principally focused around developing 
Research Results
22
This section outlines a summary of the Rapid Improvement Activities and the 
Summary of RIA activities
27
The Rapid Improvement Activities (RIA's) took place at a main operational base from 28 where Tornado aircraft flew and were serviced. Areas 1 and 2 took place in large areas 29 equivalent to a whole hanger where many people worked. This meant for both of these 30 activities only a small group could participate in the improvement activity. that were wide ranging and many had been well known for some time -and so this activity 10 did not conform to a formal lean agenda. This was also reflected in the 5S approach where 11 the team used some elements of 5S but did not conduct a formal 5S implementation. formal lean approach implementing a wide range of lean tools shown in Table 1 .
4
Summary of Tornado Performance Measures
5
The development of performance measures was an activity in which all three of the 6 authors participated, the whole process took nearly four years and went from top level policy The first of these differences is the complex culture of the organisation which, due to 8 its military nature, is inherently hierarchical. This is also strongly influenced by government 9 policy and adopts a risk avoidance approach, as is common for public sector organisations might also be seen to inhibit change, such as the typical two year tour of duty for personnel.
12
This has been identified as an issue for lean implementation sustainability by Cullen et al.
13
(2005) and from interaction with military personnel attending lean courses run by the 14 researchers.
15
The second major difference is the nature of the operation which, being service and 16 repair, rather than assembly, is designed to deal with low volumes. This is highlighted in all 17 the areas 1 to 4 which have to cope with unpredictable inputs due to the incidence of 18 unexpected repairs and breakages.
19
The third major difference is the need to cope with two states, peace time state which 20 is largely predictable, based around training schedules and below capacity, and a combat or
21
'surge' state which is essentially unpredictable (based on combat activity) but likely to be resource issues than in a conventional, commercial lean environment.
9
Because the operational context of the Tornado JIPT is so very different to the 10 conventional high volume, low variability environment in which lean is typically applied, the 11 principles and tools of lean need to be adapted to this context, as described in the following 12 section.
14
Analysis of the application of Lean Principles and Tools within JIPT.
15
The purpose of this section is to examine the extent to which the fundamental principles and Table 2 .
20
Starting with area 1, the application of the five lean principles was most affected by reduction within the limits of the two co-existing systems, and started to apply 5S beyond the 29 initial first track to the whole area and also to reduce waste through re-organizing low-cost 30 consumable items to within the area, and managed by a pull system. 
31
VS and Waste
Pull
Perfection All initiatives encountered some issues in this area, but degree of success was strongly affected by senior manager's approach. In some cases this hindered the consensual process; in other cases it was greatly enhanced. A recurring issue was the absence of the senior manager and so it was difficult to achieve their buy-in which limited some initiatives. In the long term there will be a need to make a complete break from push to pull right The question for this area is how can the foundations for such a change be best laid? The 7 question of value was largely neglected and pre-existing concepts of how the area should 8 perform were employed, although these were made more visible.
Tools and Techniques used
9
Area 2 also had the challenge of a large area and they tackled this by extensive value 10 stream mapping then moving to use of simulation tools. However, within the time frame of 11 the RIA they did not take the radical break required to establish a pull system. They did 12 establish a stronger value stream by implementing smaller improvements identified as part of 13 the mapping activity, and through this process also reduced waste in the area. However,
14
implementation of lean tools was not that formal and the team took a pragmatic approach and
applied a wide range of lean tools where it was felt they could be used. This resulted in some 1 lean tools, such as Visual Management, having been applied in most places but not in a 2 particularly rigorous manner. More specifically, a formal report concluded that: "too many 3 tools" were being applied with a "lack of focus", which meant that change over analysis was 4 "not done formally". The on-going efforts by the personnel who work in the area mean that 5 some parts of the area have implemented additional tools such as waste elimination, but once 6 more its uptake was patchy.
7
Although the initial results in this area were perhaps the most impressive, with high 8 levels of buy-in and understanding, the longer term result was more variable as the lean 9 message has been watered down by the informality of implementation with a "hit list still on- 10 going". However, this work has proved useful as a learning opportunity in trying out a
11
variety of tools and has had a high level of acceptance from the workforce, possibly due to its 12 less radical nature. The complexity of the process and the leap of faith required for a pull 13 system meant that perhaps this route has laid foundations for the move to a pull system,
14
which was planned to be implemented.
15
In terms of encapsulating value in area 2, a similar route was taken to that of area 1, as 16 part of the RIA studied, value was not particularly mentioned. However, the subsequent 17 work as part of the performance measures activities was adopted and the area closely aligned 18 their measures with those of the relevant MDT.
19
Turning now to areas 3 and 4, these were the smallest, which meant that it was 20 possible to move to a 'pull' system within the timescales examined and achieve a good result 21 in the change process. However, each of these areas exists within a larger supply chain,
22
employing a more traditional push system. Technicians, within area 4, stated they 23 encountered problems in getting components and modules at the rate demanded by their pull 24 systems and because of lack of visibility in the supply chain, exemplified by the supplier 25 being described as "someone in the IPT", there is little opportunity to address these problems.
26
Clearly extension of the internal work to the wider supply chain would be required. Area 3
27
did not progress as far as area 4 and so implemented some tools and techniques, but was not 28 able to achieve such a cohesive approach within the area. getting the right people to the meetings, resources to carry out actions and so on, however, 32 these are the types of issues that might be encountered in any organisation and are not 33 peculiar to Tornado. So the issue of the ability to apply lean tools in this environment does 1 not appear to be a problem as the tools seem to be robust in their applicability. (from different stakeholders) and that these goals can be vaguely defined. Thus the value 25 proposition is "The concept of value holds true in the public sector but needs to be considered The next lean principle is identify the value stream and eliminate waste. This is in 29 some ways relatively straight forward in that there was only one product and the primary task Within a VS there is also a need to ensure that there is an ability to meet 'surge' 9 demands as well as peace time demands and therefore the design of the value stream needs to 10 be able to cope with both states (Godsell et al, 2006) . Designing a VS for two possible states
11
can lead to waste in either or both states.
12
In addition the VS also needed to be able to cope with the inherent variability that 
22
This problem of unpredictability as an input is reflected in other lean service research. outline how changing from a purely triage based prioritising process to one that also included 30 lean ideas of waste reduction had an impact that was immediate "with a discernable 31 lessening of chaos in the department" (p13).
32
The motivation for waste removal in a non-growth environment can be an issue for proposition is that "These concepts remain valid for public service but additional variation
12
can cause waste where the customer provides a less predictable input into the value stream."
13
This proposition also has an overlap with flow discussed below. This discussion leads the authors to three propositions relating to the use of the lean 11 principles of value, waste, flow and pull in the public sector, and one for perfection only 12 relating to military organisations:
Value proposition 14
The concept of value holds true in the public sector but needs to be considered These concepts remain valid for public service but additional variation can cause 18 waste where the customer provides a less predictable input into the value stream.
19
Pull proposition 20
The underlying ideas of pull are appropriate for the public sector but for the purposes 21 of clarity it should be renamed "demand readiness".
22
Proposition for Perfection 23
In military organisations the strong hierarchical structure can inhibit the conventional 24 CI approach. Steps to reduce the influence of the command structure in CI activities needs to 25 be taken to allow freer flow of ideas. This research has found the primary difference between conventional lean and public 1 sector and many service organisations involved in service and repair, is adapting the idea of 2 pull. Thinking in narrow terms of pulling demand does not operate to the customers benefit 3 in a service environment, where the signal to work is an input to the process. In this case the 4 system should be ready to operate when customer demand occurs. This fits with the original 5 idea behind pull because it meets the needs of the customer, but better suits a service 6 environment. So the pull concept should be renamed to "demand readiness" in a public 7 service environment to avoid practitioners trying to unnecessarily develop inappropriate pull 8 systems. This proposal at first appears a radical shift from the original pull principle, but 9 actually fits well with its origins of demand in terms of meeting customers needs.
10
When considering value, waste removal and flow, the issues of implementing change can be audited and inputs can be controlled, the customer supplies or is the input to the 17 process and so there is less predictability over the work to be done. Tornado and other similar 18 environments have taken steps to address this but it is an additional requirement to 19 conventional lean.
20
Specific to military organisations were the issues of how to cope with the inherent 21 hierarchy whilst engaging in Rapid Improvement Activities and Continuous Improvement.
22
These types of activities within a lean environment generally require a consensual, 23 democratic approach rather than the military chain of command approach. The final 24 difference that military has to face is the issue of peace and non-peace time demand levels 25 and it is embedded in their primary purpose that they should be able operate at both levels; 
